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(54) [Title of the Invention] 

Display device 

(57) [Abstract] 

[Purpose] The screen linearity of an active matrix display panel comprising a driver 
circuit built-in can be adjusted in simple and easy structure. 

[Constitution] The display device comprises a display panel 1, a decoder/driver 2 which 
inputs picture signals Vsig thereinto, and a timing generator 3 which inputs clock 
signals VCK and HCK into the display panel 1. The display panel 1 comprises a pixel 
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array 4 arranged in a matrix, a vertical driver circuit 5 and a horizontal driver circuit 6. 
These driver circuits 5 and 6 operate in response to clock signals VCK and HCK being 
input, and write picture signals Vsig being input to the pixel array 4 sequentially so that 
the screen is displayed. The timing generator 3 comprises an FM modulation means 7 
which modulates frequency of clock signals VCK and HCK, according to the linearity 
data given, and adjusts the linearity of the displayed screen. 
[Scope of Claims] 

[Claim 1] A display device comprising a display panel, a decoder/driver to input a 
picture signal thereinto, and a timing generator to input a clock signal into the display 
panel, wherein: 

the display panel comprises a pixel array arranged in a matrix and a driver 
means that operates in response to the input clock signal and writes the input picture 
signal sequentially into the pixel array so that a screen is displayed; and 

the timing generator comprises an FM modulation means that modulates 
frequency of the clock signal according to linearity data given, and adjusts linearity of 
the displayed screen. 

[Claim 2] A display device according to claim 1, wherein: 

the FM modulation means is a phase locked loop circuit comprising a phase 
comparator and a voltage controlled oscillator; 

a synchronizing signal separated from a picture signal is applied to an input 
terminal of the phase comparator; 

a control voltage according to the linearity data is mixed to an input terminal of 
the voltage controlled oscillator, and 

the clock signal whose frequency is modulated is taken out from an output 
terminal of the voltage controlled oscillator. 
[Claim 3] A display device according to claim 1, wherein: 

the driver means comprises a horizontal driver circuit that samples a picture 
signal sequentially for one row of the pixel array, in response to a horizontal clock 
signal; and 

the FM modulation means modulates frequency of the horizontal clock signal 
according to horizontal linearity data given, and adjusts horizontal linearity of the 
display screen, 

[Claim 4] A display device according to claim 1, wherein: 

the driver means comprises a vertical driver circuit that chooses each row of 
the pixel array sequentially, in response to a vertical clock signal; and 

the FM modulation means modulates frequency of the vertical clock signal 
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according to vertical linearity data given, and adjusts vertical linearity of the display 
screen. 

[Claim 5] A display device according to claim 1, wherein: 

the display panel comprises a pixel array that can display a 16:9 wide screen; 

the decoder/driver inputs a picture signal that corresponds to a 4:3 normal 
screen to the display panel; and 

the timing generator comprises an FM modulation means that can adjust the 
linearity so that a normal screen is displayed being adapted to a wide screen. 
[Claim 6] A display device according to claim 1, wherein the display panel is a liquid 
crystal display panel of active matrix type. 

[Claim 7] A timing generator to supply a clock signal to a display panel comprising a 
pixel array arranged in a matrix and its driver circuit built-in so that the driver circuit 
operates and a screen is displayed on the pixel array, comprising: 

an FM modulation means that modulates frequency of the clock signal 
according to linearity data given, so that the linearity of the screen displayed on the 
display panel is adjusted. 
[Detailed Description of the Invention] 
[0001] 

_[Eield of the Industrial Application] The present invention relates to a display device 
comprising an active matrix display panel, a decoder/driver that inputs picture signals 
thereinto, and a timing generator that inputs clock signals into the display panel. More 
specifically, the present invention relates to a linearity adjustment technique of screen 
displayed on a display panel. 
[0002] 

[Related Art] A display panel of active matrix type comprises a plurality of gate lines 
wired in the shape of rows and a plurality of signal lines wired in the shape of columns, 
and a plurality of pixels placed in each intersection of the row and the column. The 
pixels, comprising a minute liquid crystal cell, for example, are arranged in a matrix to 
constitute a screen. A thin film transistor is formed to be integrated in correspondence 
with an individual pixel for switching this. In addition, a vertical driver circuit is 
provided, and it operates in response to a vertical clock signal input from a timing 
generator, vertically scans each gate line sequentially, and chooses pixels for one row 
every one horizontal period. Furthermore, a horizontal driver circuit is provided, and it 
scans each signal line sequentially in one horizontal period in response to a horizontal 
clock signal input from a timing generator, samples a picture signal input from a 
decoder/driver, and writes this into the pixels in one row that is chosen. 
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[0003] 

[Problems to be Solved by the Present Invention] There are various kinds of standards 
for existing picture signals for television. A picture signal according to NTSC system 
and a picture signal of high vision system can be given as examples. As shown in Fig. 
8, a picture signal of NTSC system is input into a display panel having 4:3 aspect ratio, 
and a normal screen is projected. On the other hand, a picture signal of high vision 
system is input into a display panel having 16:9 aspect ratio, and an oblong wide screen 
is projected. In this way, the existing display panel includes one for normal screen 
having 4:3 aspect ratio and one for wide screen having 16:9 aspect ratio. Each of them 
is used separately depending on the picture signal's standard. However, sometimes, a 
picture signal of NTSC system is input into a wide screen display panel for high vision 
system. That is to say, there is a case where picture signals of high vision system and 
NTSC system both are used in a display panel for wide screen. In that case, the 
vertical driver circuit and the horizontal driver circuit built in the display panel operate 
in response to the constant clock signals supplied from the timing generator. Therefore, 
when a picture signal of NTSC system is input, a screen that is extended in a transverse 
direction (that is, contracted in an up-and-down direction) is to be projected on the 
display panel for wide screen. That is to say, an expansive screen is projected since the 
conventional display panel for wide screen cannot control the screen linearity of 
horizontal direction or vertical direction, which is a problem that should be solved. 
[0004] Conventionally, CRT besides a display panel is widely adopted for displays for 
televisions. As shown in Fig. 9, CRT includes one for normal type having 4:3 aspect 
ratio, and one for wide type having 16:9 aspect ratio. In the case of using CRT, image 
processing is conducted to make the picture signal of NTSC system to be for wide type. 
That is, the picture signal of NTSC system is written into image memories or the like 
once, and predetermined arithmetic processing is conducted, so that the linearity is 
adjusted. In an example shown in Fig. 9, a good-looking image is projected by 
extending only periphery of the wide screen, and it is called panorama mode or 
cinerama mode. In this way, the linearity of a screen can be adjusted freely when 
image memories or the like are used. However, it is a system in which picture signals 
are processed digitally, and the number of parts has to be increased. Thus, applying 
this system for display panels or the like is not always appropriate. 
[0005] 

[Means to Solve the Problems] In view of the foregoing conventional problems, it is an 
object of the present invention to provide a technique of adjusting or correcting the 
linearity of a screen projected on a display panel, in a simple way. In order to achieve 
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the object, the following measures are taken. That is, a display device of the present 
invention comprises a display panel, a decoder/driver to input a picture signal thereinto, 
and a timing generator to input a clock signal into the display panel, as a basic structure. 
The display panel comprises a pixel array arranged in a matrix and a peripheral drive 
means built-in. The drive means operates in response to a clock signal input from the 
timing generator, and writes a picture signal that is input from the decoder/driver into 
the pixel array sequentially so that a screen is displayed. As characteristics of the 
present invention, the timing generator comprises an FM modulation means that 
modulates frequency of the clock signal according to linearity data given, and adjusts 
linearity of the displayed screen. Specifically, the FM modulation means is a phase 
locked loop circuit comprising a phase comparator and a voltage controlled oscillator. 
A synchronizing signal separated from the picture signal is applied to an input terminal 
of the phase comparator, and a control voltage according to the linearity data is mixed to 
an input terminal of the voltage controlled oscillator As a result, the clock signal 
whose frequency is modulated is taken out from an output terminal of the voltage 
controlled oscillator. 

[0006] More specifically, the driver means comprises a horizontal driver circuit that 
samples a picture signal sequentially for one row of the pixel array, according to a 
horizontal clock signal. The FM modulation-means modulates frequency of the 
horizontal clock signal according to horizontal linearity data given, and adjusts 
horizontal linearity of the display screen. Furthermore, the driver means comprises a 
vertical driver circuit that chooses each row of the pixel array sequentially, in response 
to a vertical clock signal. The FM modulation means modulates frequency of the 
vertical clock signal according to vertical linearity data given, and adjusts vertical 
linearity of the display screen. According to one of the embodiments, the display 
panel comprises a pixel array that can display a 16:9 wide screen, and a liquid crystal 
display panel of active matrix type, for example, is adopted. On the other hand, the 
decoder/driver inputs a picture signal that corresponds to a 4:3 normal screen to the 
display panel. In this case, the FM modulation means that is included in the timing 
generator makes it possible to adjust the linearity so that a normal screen is displayed by 
adapting to a wide screen. 
(0007] 

[Function] According to the present invention, a timing generator generates a clock 
signal, and controls the operation of a horizontal driver circuit and a vertical driver 
circuit built in a display panel, so that the linearity of the displayed screen is adjusted. 
That is, the timing generator comprises an FM modulation means, and the linearity of 
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the display screen can be corrected by FM-modulating frequency of the clock signal. 
The FM modulation means converts the linearity data set beforehand into a control 
voltage which is then applied to a voltage controlled oscillator of a phase locked loop 
circuit. In the case of adjusting the linearity of horizontal direction, a horizontal 
synchronizing signal is input into an input of the phase locked loop circuit, and a control 
voltage corresponding to horizontal linearity data is applied to an input of the voltage 
controlled oscillator. By this, the horizontal clock signal whose frequency is 
modulated is output from a voltage control oscillating circuit. For example, when the 
horizontal clock signal becomes high-speed in accordance with horizontal linearity data, 
a sampling rate of a picture signal becomes high, and the screen is extended in a 
horizontal direction. On the other hand, in the case of correcting the linearity of 
vertical direction, a vertical synchronizing signal is input into an input of the phase 
locked loop circuit, and a control voltage corresponding to vertical linearity data is 
applied to an input of the voltage controlled oscillator. By this, the vertical clock 
signal whose frequency is modulated is output from an output of the voltage controlled 
oscillator. 
[0008] 

[Description of the Preferred Embodiments] Preferred embodiments of the present 
invention will be described in detail hereinafter, referring to drawings. Fig. 1 is a 
block diagram to show the basic structure of a display device of the present invention. 
As shown in the figure, this display device comprises a display panel 1, a decoder/driver 
2 that supplies a picture signal thereinto, and a timing generator 3 that controls drive of 
the display panel 1. The display panel 1 comprises a pixel array 4 wherein a plurality 
of pixels is arranged in a matrix, a vertical driver circuit 5, and a horizontal driver 
circuit 6. The pixel array 4 comprises countless pixels arranged in accordance with a 
high vision standard, for example, and constitutes a screen having 16:9 aspect ratio. 
The present invention is not limited to this, and the pixel array 4 may be the one that 
constitutes a screen having 4:3 aspect ratio in accordance with NTSC system, for 
example. The vertical driver circuit 5 chooses pixels for one row every one horizontal 
period sequentially, and finishes vertical scanning of the screen once in one vertical 
period. The horizontal driver circuit 6 writes a picture signal for one horizontal period 
into the pixels for one row that is chosen. 

[0009] The decoder/driver 2 comprises a decoder part that is supplied with a power 
supply voltage of 5V, and a driver part that is supplied with a power supply voltage of 
12V, for example. The decoder part decodes a component video signal VIDEO input 
from the outside, and takes out a luminance signal and a chroma signal. Furthermore, 
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a vertical synchronizing signal Vsync and a horizontal synchronizing signal Hsync 
which are separated from the component video signal VIDEO are transferred to the 
timing generator 3 side. The driver part supplies the picture signal Vsig that becomes 
alternating current to the display panel 1 side, dividing them into every three primary 
colors RGB, according to an inverted signal FRP that is input from the timing generator 
3. 

[0010] The timing generator 3 makes various timing signals based on synchronizing 
signals Vsync and Hsync, and supplies them to the display panel 1 to perform the timing 
control. That is, a vertical start signal VST and a vertical clock signal VCK are 
supplied to the vertical driver circuit 5, and pixels for one row are to be chosen 
sequentially. Furthermore, a horizontal start signal HST and a horizontal clock signal 
HCK are supplied to the horizontal driver circuit 6, and the picture signal Vsig for one 
horizontal period is to be written into the pixels for one row that is chosen. 
[0011] As characteristics of the present invention, the timing generator 3 comprises an 
FM modulation means 7, and modulates frequency of the clock signal according to the 
linearity data set beforehand, so that the linearity of the screen displayed on the pixel 
array 4 is adjusted. Specifically, the FM modulation means 7 modulates frequency of 
the horizontal clock signal HCK according to the predetermined horizontal linearity 

data r so that -horizontal linearity of the display screen is adjusted. Furthermore, 

frequency of the vertical clock signal VCK is modulated according to the predetermined 
vertical linearity data, so that the vertical linearity of the display screen is adjusted. 
[0012] Fig. 2 is a block diagram to show a concrete structure example of the FM 
modulation means shown in Fig. 1, and in this example, the horizontal clock signal 
HCK is FM-modulated. As shown in the figure, the FM modulation means comprises 
a phase locked loop circuit (PLL), and outputs the horizontal clock signal HCK, 
synchronized with a horizontal synchronizing signal Hsync output every one horizontal 
period. The PLL comprises a phase fixing closed loop comprising a voltage controlled 
oscillator (VCO) 11, a 1/n frequency divider 12, a phase comparator (P/C) 13, and a 
low-pass filter (LPF) 14. HCK generated in VCO 11 is divided by the frequency 
divider 12 into 1/n. The phase comparator 13 conducts phase comparison of the output 
of the frequency divider 12 and the horizontal synchronizing signal Hsync. This 
horizontal synchronizing signal is separated and extracted from the picture signal 
external-input by the decoder/driver The output result of the phase comparator 13 
becomes an error signal through LPF 14, gives feedback to the VCO 11, and adjusts the 
oscillating frequency. As a result, the horizontal clock signal HCK that is phase-fixed 
to the horizontal synchronizing signal Hsync is generated. As characteristics of this 
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circuit, a setter 15 is comprised, and desired horizontal linearity data is set. This 
horizontal linearity data has a length corresponding to one horizontal period. The 
horizontal linearity data is converted into a control voltage that corresponds, through an 
amplifier 16, and mixed in an input terminal of VCO 11. Oscillating frequency of 
VCO 11 changes according to largeness of the control voltage, and FM modulation of 
HCK is conducted. In the example shown in Fig. 2, the linearity data shows a small 
value in the center part of one horizontal period, and frequency of HCK becomes 
relatively low in response to this. On the contrary, the linearity data is large in the 
front and the back of the horizontal period, and frequency of HCK becomes high in 
response to this. 

[0013] Fig, 3 is a block diagram showing another concrete structure example of the FM 
modulation means, and in this example, the vertical clock signal VCK is FM-modulated. 
The basic structure is similar to the circuit shown in Fig. 2, that is, a phase locked loop 
circuit comprising a VCO 12, 1/m frequency divider 22, P/C 23, LPF 24, and the like. 
Characteristically, a setter 25 is comprised, and vertical linearity data for one vertical 
period is recorded. The data is converted into a control voltage that corresponds, 
through an amplifier 26, and applied to an input terminal of VCO 21. Furthermore, a 
vertical synchronizing signal Vsync is applied to an input terminal of P/C 23. 
[0014] Fig. 4 is a circuit diagram that shows still another example of an FM modulation 
means. In this example, HCK and VCK both are FM-modulated and output. 
Basically, it has a structure in which a phase locked loop circuit shown in Fig. 2 and a 
phase locked loop circuit shown in Fig. 3 are serially-connected, and corresponding 
reference number is put on the corresponding parts in order to make it easier to be 
understood. As shown in Fig. 4, a vertical synchronizing signal Vsync is applied to an 
input terminal of the phase locked loop circuit in the former part, and a vertical clock 
signal VCK that is FM-modulated is output from VCO 21. The VCK is supplied to the 
display panel, and is applied to an input terminal of the phase locked loop circuit in the 
latter part as a substitute for a horizontal synchronizing signal. As a result, a 
horizontal clock signal HCK that is FM-modulated is output from VCO 11. 
[0015] Next, operation of a display device of the present invention will be described in 
detail, referring to Fig. 5. For example, Vsig comprising a circular pattern in a part is 
supplied to the display panel as a picture signal Vsig. On the other hand, the 
horizontal clock signal HCK is FM-modulated in accordance with the horizontal 
linearity data given. (A) is the case wherein frequency of HCK is relatively low, and a 
circular pattern that is included in Vsig is sampled synchronizing with four HCKs. 
This number is to simplify the explanation, and, actually, there is more than this. In 
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the case shown in (B), frequency of HCK is high, and a circular pattern that is included 
in Vsig is sampled responding to seven HCKs. For example, a circular pattern that is 
sampled responding to relatively low speed HCK as shown in (A) is displayed as an 
image just as the original form. On the other hand, in the case of being sampled with 
high speed HCK, the pattern is projected as an image extended in a transverse direction. 
In this way, in the present invention, the horizontal linearity of the screen is adjusted or 
corrected freely by simply modulating frequency of HCK. In the same way, the 
vertical linearity of the screen can be adjusted or corrected freely by modulating 
frequency of VCKL 

[0016] Fig. 6 is a schematic diagram showing an example of linearity correction. In 
any case, a picture signal responding to a 4:3 normal screen is input to the display panel, 
and on the contrary, the display panel comprises a pixel array that can display a 16:9 
wide screen. An FM modulation means built in a timing generator adjusts the linearity 
so that a normal screen is displayed being adapted to a wide screen. In (A) case, for 
example, the horizontal linearity data is large in the front and back parts of one 
horizontal period, and only left and right periphery of the displayed screen is extended 
in a transverse direction. In (B) case, the vertical linearity data shows large value in 
the front and back parts of one vertical period, and only peripheral part of the displayed 
screen is extended in up-and-down direction. (C) is the case wherein (A) and (B) are 
combined, and peripheral part of the screen is extended toward the corners. 
[0017] Last, a concrete structure example of the display panel shown in Fig, 1 will de 
described, referring to Fig. 7. This display panel comprises a plurality of gate lines X 
wired in the shape of rows and a plurality of signal lines Y wired in the shape of 
columns, and a plurality of pixels PXL placed in each intersection of the row and the 
column. The pixels PXL, comprising a minute liquid crystal cell, for example, are 
arranged in a matrix to constitute a pixel array. A switching element such as a thin 
film transistor Tr is formed to be integrated with respect to an individual pixel PXL for 
driving this. In addition, a vertical driver circuit 5 is comprised, and it vertically scans 
each gate line X sequentially in response to VST and VCK that is FM-modulated, and 
chooses pixels PXL for one row every one horizontal period. Vertical scanning is 
finished once in one vertical period. Furthermore, a horizontal driver circuit 6 is 
provided, and it scans each signal line Y sequentially in one horizontal period in 
response to HST and HCK whose frequency is modulated, samples a picture signal Vsig 
that is supplied from a video line 30, and writes this point-sequentially into the pixels 
PXL in one row that is chosen. Specifically, each signal line Y is connected with a 
video line 30 through a horizontal switch HSW, and is supplied with the picture signal 
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Vsig from the outside. The horizontal driver circuit 6 comprises a shift register, and 
sequentially outputs sampling pulse (|>h by sequentially transferring HST in response to 
HSK, so that each horizontal switch HSW is sequentially switch-driven, and the picture 
signal Vsig is sampled for each signal line Y. 
[0018] 

[Effect of the Invention] As described above, according to the present invention, 
linearity of a display screen can be adjusted by modulating frequency of a clock signal 
of a shift resister that constitutes a driver circuit built in a display panel, so any digital 
processing or analog processing is unnecessary. That is, linearity correction can be 
realized by modulating frequency of the clock signal that is originally necessary for 
drive of the display panel, which means the linearity correction is dealt with by the 
small number of parts. 
[Brief Description of the Drawings] 

Fig. 1 is a block diagram showing the total structure of a display device of the 
present invention. 

Fig. 2 is a circuit diagram showing an example of an FM modulation means 
that is a substantial part of the present invention. 

Fig. 3 is a circuit diagram showing another example of an FM modulation 
means. — 

Fig. 4 is a circuit diagram showing still another example of an FM modulation 

means. 

Fig. 5 is a schematic diagram for describing the operation of a display device of 
the present invention. 

Fig. 6 is a schematic diagram showing an example of screen linearity 
correction. 

Fig. 7 is a block diagram showing an example of a display panel built in a 
display device of the present invention. 

Fig. 8 is a schematic diagram for describing the problems to be solved by the 
present invention. 

Fig. 9 is also a schematic diagram for describing the problems to be solved by 
the present invention. 
[Description of the Reference Symbols] 
1: display panel 
2: decoder/driver 
3: timing generator 
4; pixel array 
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5: vertical driver circuit 

6: horizontal driver circuit 

7: FM modulation means 

11: voltage controlled oscillator 

12: 1/n frequency divider 

13: phase comparator 

14: low-pass filter 

15: setter 

16: amplifier 
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ABSTRACT 
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decoder driver 2 which inputs a video signal Vsig thereto, and a timing 
generator 3 which inputs clock signals VCK and HCK to the display panel 1. 
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